The collapse of the presolar cloud gave rise to a global homogenization of material available to form the Sun and planets. In the resulting, presumably homogeneous solar system, the nuclides are present in proportions referred to as their cosmic abundances. Here we report molybdenum isotopic compositions of bulk samples and leachate fractions of the primitive meteorites Orgueil and Allende. Two complementary nucleosynthetic components are revealed in Orgueil. One (Mo-m) is enriched in s-process nuclides and may be hosted in presolar grains while the other (Mo-w) is probably distributed in various phases and is depleted in s-process nuclides. The most likely carrier of Mo-m is silicon carbide, although we cannot exclude graphite or an unidentified presolar phase. Excesses in Mo-w are also detected in the bulk sample and all leachate fractions of Allende. These results illustrate that the apparent cosmic abundance pattern of the nuclides, in fact, reflects a mixture of various nucleosynthetic components that survived planetary-scale homogenization in the protosolar nebula.
INTRODUCTION
Heavy elements such as molybdenum were synthetized in stars by various nucleosynthetic processes, each taking place in a specific stellar environment (Burbidge et al. 1957; Cameron 1957) . The composition of the interstellar medium at the time of solar system birth resulted from the integration over Galactic time of many individual stellar sources (Pagel 1997) . Around these stars, circumstellar grains condensed. When the solar system formed, some of these grains escaped homogenization (Anders & Zinner 1993 ) and now provide evidence for isotopic heterogeneity of the presolar molecular cloud. However, the distribution of these refractory grains in the protosolar nebula remains largely unknown. While noble gases permit the determination of presolar grain abundances currently present in meteorites (Huss & Lewis 1995) , these tracers are erased by metamorphism and differentiation. They therefore provide no direct information on the distribution of circumstellar dust in the parent material.
Molybdenum has appealing features for examining this issue. Indeed, unprocessed presolar carbide and graphite grains host extreme molybdenum isotopic signatures (Nicolussi et al. 1998a (Nicolussi et al. , 1998b inherited from the stellar environment in which they condensed (Gallino, Busso, & Lugaro 1997) . In addition, subtle molybdenum isotope anomalies have been observed in both primitive (Yin, Yamashita, & Jacobsen 2000; Dauphas, Marty, & Reisberg 2002a) and differentiated (Dauphas et al. 2002a ) meteorites, providing evidence for isotope heterogeneity of the protosolar nebula at spatial dimensions comparable to the source regions of the parent bodies (Dauphas et al. 2002a ). In the current contribution, we demonstrate the existence of extreme molybdenum isotopic heterogeneity in a primitive meteorite, Orgueil. This suggests the presence of different molybdenum components with s-and -process signatures, p, r hosted by presolar grains and a homogeneous solar component, respectively.
Sequential digestion of primitive meteorites has proved very useful in the past for characterizing the fine-scale isotope heterogeneity of the solar system and revealing the presolar carrier phases of isotope anomalies (Rotaru, Birck, & Allègre 1992; Amari, Lewis, & Anders 1994; Huss & Lewis 1995; Podosek et al. 1997 Podosek et al. , 2000 . We have thus determined molybdenum isotope abundances in bulk samples and leachate fractions of carbonaceous chondrites Orgueil (CI1) and Allende (CV3.2).
ISOTOPE MEASUREMENTS
Powdered samples of Orgueil and Allende were sequentially digested with reagents of increasing strength (Rotaru et al. 1992; Podosek et al. 1997 Podosek et al. , 2000 . The molybdenum isotope abundances of each leachate fraction were determined (Table 1) using a protocol based on solvent extraction, ion chromatography, and plasma ionization mass spectrometry (Dauphas, Reisberg, & Marty 2001; Dauphas et al. 2002a Dauphas et al. , 2002b . The blank of the separation procedure is estimated to be ng. Molybdenum 6 ‫ע‬ 3 isotopic ratios were corrected for mass fractionation by internal normalization ( 98 Mo/ ; Dauphas et al. 2001 ) and 96 Mo p 1.4470 are expressed in epsilon notation (relative deviation in parts per 10 4 from a terrestrial standard; Table 1 ). The ratios corrected for mass fractionation using external normalization are displayed in Dauphas, Marty, & Reisberg (2002c) .
As illustrated in Figure 1 , the molybdenum isotopic composition of bulk Orgueil (step 0) is identical within uncertainties to the terrestrial value. However, acid digestion steps (1-4) reveal that the isotopic composition of Orgueil is in fact a mixture between two distinct components having extreme and complementary isotopic compositions (steps 2 and 3). The summation of individual digestion steps (1-4) is consistent with the observed bulk composition (step 0). The positive pattern revealed in step 2 is denoted Mo-w in reference to its shape (Dauphas et al. 2002a) . It is identical to, although more extreme than, that observed in macroscopic samples of many primitive and differentiated meteorites and corresponds to a deficit in snuclides (Dauphas et al. 2002a ). The negative pattern observed in step 3 mirrors that revealed in step 2 and is thus denoted Mo-m. This pattern is similar to that measured in circumstellar carbide and graphite grains (Nicolussi et al. 1998a (Nicolussi et al. , 1998b Note.-"Fraction" represents the proportion of molybdenum leached in each dissolution step (1-4). "Blank" is the contribution of the digestion and separation blank to the measurement. Molybdenum isotope abundances were normalized to (Dauphas et al. 2001 Mo/ Mo p 1.4470
std are 2 j. The acquisition scheme and data reduction technique are described in Dauphas et al. (2001) . The anomaly at mass 97 has been corrected for the presence of the nucleosynthetic component using the observed anomaly at mass 100, (Dauphas et al. 2002a (Dauphas et al. , 2002d . The first three bulk Allende measurements are from Dauphas et al. (2002a) . Table 1 ). Table 1) corresponds to an excess in s-nuclides (Nicolussi et al. 1998a (Nicolussi et al. , 1998b Gallino et al. 1997) .
In Figure 2 , molybdenum isotope abundances of bulk samples and leachate fractions of Allende are displayed. Replicate measurements of bulk Allende (step 0) show clear anomalies relative to the terrestrial standard. Contrary to Orgueil, acid digestion steps (1-4) reveal no internal heterogeneity in Allende. The summation of individual digestion steps (1-4) is again consistent with the bulk composition (step 0). The isotopic spectra observed in bulk (step 0) and individual digestion steps (1-4) of Allende are nearly identical in form to the Mo-w pattern identified in the dissolution sequence of Orgueil (step 2).
Note that after correction for the presence of nucleosynthetic anomalies (Dauphas et al. 2002a (Dauphas et al. , 2002d , there is no evidence for a radiogenic component at mass 97 owing to the decay of now extinct 97 Tc ( ; Table 1 ).
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POSSIBLE CARRIERS OF Mo-w AND Mo-m
There is no reason to expect to find specific presolar host phases with the Mo-w spectrum, because the p-and r-process enrichments that contribute to this pattern have no reason to be coupled. Stated otherwise, a stellar environment where pand r-nuclides are produced in strictly solar proportions, as is observed, is unlikely to exist. Thus, Mo-w must represent the homogenized portion of the presolar cloud.
The possible carriers of Mo-m are silicon carbide, graphite, or some unidentified presolar phase. Previous studies have shown that the molybdenum isotope anomalies contained in presolar graphite are quite small (Nicolussi et al. 1998b) . Graphite is thus unlikely to be the phase that hosts the s-process molybdenum released during leaching step 3 of Orgueil. The simplest explanation is that this step has removed molybdenum hosted by silicon carbides. Using the molybdenum isotopic composition of silicon carbide (Nicolussi et al. 1998a ) and the Earth (Dauphas et al. 2001) , the silicon carbide concentration of Orgueil (Huss & Lewis 1995) , and the molybdenum concentration of Orgueil (Wieser & De Laeter 2000) , we estimate by mass balance a molybdenum concentration of parts 33 ‫ע‬ 15 per million (ppm) in silicon carbide in order to explain the presence of the anomalous spectrum detected in leachate 3 of Orgueil. Molybdenum concentrations in separated SiC grains determined by synchrotron X-ray fluorescence range from 1 to 50 ppm . Nevertheless, the average concentration is ppm , lower than the 9 ‫ע‬ 6 value we infer. This difference might reflect molybdenum loss during the acid leaching steps (Amari, Lewis, & Anders 1994; Huss & Lewis 1995) used for silicon carbide grain extraction. Separation of silicon carbide involves lengthy treatment with HF-HCl aimed at destroying the surrounding matrix (Amari, Lewis, & Anders 1994; Huss & Lewis 1995) . Although intriguing, leaching of molybdenum from presolar silicon carbide in step 3 (HF-HCl) is not impossible. Indeed, (1) the behavior of molybdenum carbide inclusions is likely to be different from that of silicon carbide, and it is possible to leach molybdenum without destroying the host grain; (2) the treatment used for silicon carbide extraction (Amari, Lewis, & Anders 1994; Huss & Lewis 1995) does not destroy the grain but alters its surface morphology (Bernatowicz et al. 2000) , indicating that such treatment is not innocuous; and (3) the treatment used in the present study (HCl 3 M-HF 13.5 M, 100ЊC, 4 d) is probably harsher than that used for silicon carbide grain extraction (Amari, Lewis, & Anders 1994; Huss & Lewis 1995) . Thus, it seems most likely that Mo-m is hosted in presolar silicon carbide, although we cannot dismiss the possibility that it is hosted in a presolar phase that is currently unidentified.
SPATIAL DISTRIBUTION OF CIRCUMSTELLAR DUST
Solar system molybdenum is thus a mixture between two components. As shown by the leaching study of Orgueil, one is hosted in a presolar phase, possibly silicon carbide (Nicolussi et al. 1998a) , and is leached in step 3 (Mo-m), while the other is distributed in other phases and is leached in step 2 (Mo-w). If there are indeed two nucleosynthetic components coexisting in the protosolar nebula, then subtle decoupling between these two would have resulted in macroscopic molybdenum isotope variations. Thus, the determination of molybdenum isotope abundances in bulk samples provides a means of addressing the planetary-scale distribution of circumstellar dust in the protosolar nebula.
The lack of molybdenum isotopic heterogeneity in Allende probably results from thermal processing either before or after accretion. This process may explain the very low silicon carbide content, 10 3 times lower than that of Orgueil, currently observed in this meteorite (Huss & Lewis 1995) . As discussed in the case of Orgueil, the extent of the original silicon carbide contribution might control the isotopic composition of molybdenum in leachate fractions. Thus, the anomalous pattern detected in bulk Allende may be explained by a macroscopic deficiency in silicon carbide. Assuming that the two mixing end members are identical for Allende and Orgueil (Mo-m hosted in SiC and Mo-w leached in Orgueil step 2), then the contribution of silicon carbide to the bulk molybdenum inventory of Allende must have been 30% lower than that of Orgueil. Hence, the abundance of silicon carbide grains normalized to the abundance of a refractory element like molybdenum must have varied by at least 30% in the protosolar nebula. The Mow pattern was also detected in differentiated objects such as iron meteorites, mesosiderites, and pallasites (Dauphas et al. 2002a) , indicating that the heterogeneous distribution of silicon carbide grains was a planetary-scale feature. There are two alternative explanations for this puzzling observation that are variants of the same idea. (1) Circumstellar dust was heterogeneously distributed in the presolar molecular cloud, and this distribution was preserved in the nascent solar system. (2) At some stage, the protosolar nebula was homogenized on a large scale, but cosmic chemical memory was recovered owing to nebular processes such as granular sorting or decoupling between the gas and the dust. In either case, these results provide the first evidence for decoupling between refractory silicon carbide and other carriers of refractory elements in the protosolar nebula. If the silicon carbide contribution to the bulk inventory is significant for additional elements such as Ti, Sr, Zr, Ru, Ba, Ce, Nd, and W (Amari et al. 1995; Kashiv et al. 2001) , then there might be macroscopic isotopic variations for these elements as well, raising the possibility that they may be used as tracers of genetic relationships between planets and planetesimals (Dauphas et al. 2002a (Dauphas et al. , 2002b . Thus, the barium isotope anomalies observed in bulk meteorite samples (Harper, Weismann, & Nyquist 1992 ) may perhaps be explained by such a deficit in presolar grains carrying anomalous isotopic compositions (Prombo et al. 1993; Pellin et al. 2001 ) typical of nucleosynthesis in asymptotic giant branch stars.
